The MISTRAL project (Mass measurements at ISolde using a Transmission RAdiofrequency spectrometer on-Line) is scheduled to begin experiments towards the end of 1996. With high resolution (105), potentially high accuracy (5 x 10 -7) and excellent sensitivity (10 s-l), the MISTRAL spectrometer promises to provide needed mass measurements in regions of very-short lived nuclei. The spectrometer operation principles are described and a discussion concerning the interest in using highly charged ions is presented.
Introduction
The precise determination of atomic masses has important ramifications for metrology, atomic physics, weak interaction physics as well as nuclear structure and stellar nucleosynthesis [1, 2] . The latter two cases require accurate measurements of radioisotopes very far from stability in order to provide stringent tests for nuclear mass models. This allows the elucidation of new nuclear structure and dependable predictions for masses and other nuclear properties for nuclei at the limits of particle stability and beyond. Reliable predictions are crucial for stellar nucleosynthesis scenarios as some of the processes involve nuclides that may never be produced in the laboratory.
Penning traps offer the most accurate mass determinations by measuring the cyclotron frequency of ions confined for long periods in a very homogenous magnetic field. This provides very high resolution with accuracies better than one part in 101~ [3, 4] . Even better resolution is possible by using highly charged ions due to their correspondingly higher cyclotron frequency [5] . However, these measurements are made using stable ionic species. While the antiproton mass measurement at LEAR, CERN [6] has provided a test of CPT invariance to one ppb using a Peni CSNSM, Orsay; IAP, Bucharest; PPE Division, CERN; GSI, Darmstadt; University of Mainz;
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ning trap, the ISOLTRAP program at CERN [7] has now brought the power of the Penning trap to nuclear physics with measurements of unstable Cs, Sr, Rb and Fr isotopes to the level of 0.1 ppm including the first resolution of an isomeric state by mass spectrometry [8] . A new Penning trap system is currently being developed at Chalk River Nuclear Laboratories in Canada for mass measurements using laser-desorbed radioactive ions [9] . In general, masses of unstable isotopes are measured using nuclear reactions and decays (Q values) and by various techniques of direct mass spectrometry at high and low energies. While some decay methods, Q~ measurements for example, produce very accurate mass differences, they can be somewhat prone to systematic error if not closely linked to a well-known absolute value. Furthermore, incomplete knowledge of the decay scheme, especially in the case of Qa measurements, can have adverse effects. Mass spectrometry generally provides a series of systematic and somewhat independent measurements performed with accompanying calibrations. These measurements are carried out "on line" at isotope-or fragmentseparator facilities where the ions to be measured are transported to the spectrometer as a beam. Such measurements are ultimately limited by the production yield of the separator facility combined with the sensitivity of the apparatus. Several mass spectrometry programs exist at various facilities. Of these, only one still uses electro/magnetostatic techniques and is complemented by radioactivity identification [10] . Other experiments determine the mass from time-of-flight, such as TOFI at Los Alamos [1 I], SPEG at GANIL [12] , and a novel technique developed at GANIL that lengthens the flight time using the multiple turns of ions in a cyclotron [13] . Finally, some methods rely on the inherently accurate measurement of the cyclotron frequency, as in the Penning trap systems mentioned above. Also, a new program at GSI provides high accuracy mass determinations using the Schottky pickup signal of ions circulating in the ESR storage ring [14] .
The MISTRAL spectrometer
A new mass measurement project, MISTRAL, has recently been approved at ISOLDE which uses a radiofrequency (or Smith-type) transmission spectrometer to determine the cyclotron frequency of an ion during a short trajectory in a homogeneous magnetic field [15] . MISTRAL will complement ISOLTRAP by concentrating on the very short-lived nuclei that become more difficult to measure accurately in the Penning trap due to the long storage times that are required.
A schematic diagram of the ion trajectory envelope in the MISTRAL spectrometer is shown in fig. 1 . Ions are injected into the spectrometer and vertically deflected so that they make two helicoidal turns inside the magnetic field. The principle of the measurement technique is the determination of the cyclotron frequency using two successive modulations of the ion kinetic energy. Ions for which the net modulation is zero -the resonant condition-are transmitted through a narrow slit
